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DETAILED ACTION 
Response to Amendment 

1 . In response to the amendment filed 03 October 2003, the following has 
occurred: 

(a) Claims 2-5,7,8,11, 14-21, 25, 28-30, 32, and 33 have been amended. 

(b) Claims 1,10, 34, and 35 have been cancelled. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year priorto the date of application for patent in the United 
States. 

3. Claims 17, 29, 30, 33, 36, and 37 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Henrion (US 4,932,261 ). 

Claim 17: Henrion teaches a method comprising: one or more sensor modules 
(Fig. 1 1 : 80) adapted to sense seismic energy (Col. 1 1 :23-27), wherein the sensor 
module comprises one or more feedback controlled accelerometers (Fig. 26: 
1010,1012); recording seismic data with a seismic recorder (Fig. 26:1018); and 
synchronizing seismic data by receiving a signal containing time information and 
controlling the operation of the accelerometers and the recorders using the signals (Col. 
1 4: 60-1 5:44). 
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Claim 29: Henrion teaches a method comprising: one or more sensor modules 
(Fig. 1 1 : 80) adapted to sense seismic energy (Col. 1 1 :23-27), wherein the sensor 
module comprises one or more feedback controlled accelerometers (Fig. 26: 
1010,1012); recording seismic data with a seismic recorder (Fig. 26:1018); operating 
the accelerometer and analyzing an offset and a gravity cancellation magnitude of the 
output signal to detect a change in the inclination of the accelerometer (Col. 12:59-1 3: 
18). 

Claim 30: Henrion teaches a method comprising: one or more sensor modules 
(Fig. 1 1 : 80) adapted to sense seismic energy (Col. 1 1 :23-27), wherein the sensor 
module comprises one or more feedback controlled accelerometers (Fig. 26: 
1010,1012); recording seismic data with a seismic recorder (Fig. 26:1018); operating 
the accelerometer and monitoring a vector sum of the coefficients of gravity of the 
output signals to detect a malfunction of the sensor (Col. 17: 19-18:20). 

Claim 33: Henrion teaches a method comprising: one or more sensor modules 
(Fig. 1 1 : 80) adapted to sense seismic energy (Col. 1 1 :23-27), wherein the sensor 
module comprises one or more feedback controlled accelerometers (Fig. 26: 
1010,1012); recording seismic data with a seismic recorder (Fig. 26:1018); (a) 
operating the accelerometers; (b) monitoring one or more of the output signals 
generated by the accelerometers (Col. 17: 19-35); (c) analyzing the output signals (Col. 
17: 19-35); (d) changing the orientation of the sensor assembly (Col. 17: 38-55); and (e) 
repeating (b), (c), and (d) for a plurality of orientations Col. 17: 19-55); calculating the 
sensor's angles with respect to gravity from a vector sum of the coefficients of gravity 
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(Col. 17: 56-18: 20); and analyzing the sensor's angles with respect to gravity to 
indicate a malfunction of the sensor (Col. 17: 19-18:20). 

Claim 36: A method of calibrating a sensor comprising determining a gravity 
effect on the sensor assembly for each axis (Col. 17: 19-55) and calibrating the sensor 
with respect to gravity (Col. 17:56-18:10). 

Claim 37: A method comprising providing a sensor having a plurality of axis 
(Fig. 11: 80); calibrating each axis with respect to gravity (Col. 17: 56-18:10); and 
sensing seismic energy with the sensor (Col. 1 1 :23-27). 



4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1 ) an application for patent, published under section 1 22(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 21 -27 are rejected under 35 U.S.C. 1 02(e) as being anticipated by 
Abrams et al (US 6,101,864). 

Claim 21: A method comprising sensing seismic energy with one or more 
sensor modules (Fig. 1 : 12), wherein the one or more sensor modules comprise one or 
more force-feedback controlled accelerometers (Col.3: 22-24, 5:27-30); recording 
seismic energy data using a seismic recorder (Fig. 1 : 46); sending a bitstream to the 



sensor (Col. 5:1-7); decoding, capturing, and looping back the bitstream to the recorder 
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(Col. 5:38-57); capturing and analyzing the bitstream by the recorder (Col. 6: 60-67), 
wherein analyzing the bitstream comprises determining a malfunction of the sensor 
module (Col. 7:8-19). 

Claim 22: using an ASIC (Col. 6: 25-27) coupled to a recorder (Fig. 1 : 46). 

Claim 23: A method comprising sensing seismic energy with one or more sensor 
modules (Fig. 1:12), wherein the one or more sensor modules comprise one or more 
force-feedback controlled accelerometers (Col.3: 22-24, 5:27-30); recording seismic 
energy data using a seismic recorder (Fig. 1 : 46); sending a bitstream to the sensor 
(Col. 5:1-7); decoding, capturing, and looping back the bitstream to the recorder (Col. 
5:38-57); capturing and analyzing the bitstream by the recorder (Col. 6: 60-67), wherein 
analyzing the bitstream comprises determining a malfunction of the sensor module (Col. 
7:8-19); using an ASIC (Col. 6: 25-27) coupled to a recorder (Fig. 1: 46); and validating 
the contents of the ASIC (Col. 6: 36-45). 

Claim 24: operating the accelerometer (Col. 13: 48-65) and monitoring the 
accelerometer for instability to indicate a malfunction or and excessive external 
acceleration (Col. 13; 65-14: 10). 

Claim 25: A method comprising sensing seismic energy with one or more sensor 
modules (Fig. 1:12), wherein the one or more sensor modules comprise one or more 
force-feedback controlled accelerometers (Col.3: 22-24, 5:27-30); recording seismic 
energy data using a seismic recorder (Fig. 1: 46); sending a bitstream to the sensor 
(Col. 5:1-7); capturing and judging the bitstream generated by the accelerometer (Col. 
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6: 60-67; Coo. 13: ), wherein judging the output signal comprises judging a magnitude 
of the output signal to indicate a malfunction of the accelerometer (Col. 2: 63-3: 15). 

Claim 26: judging the output signal comprises judging a phase response of the 
output signal to indicate a malfunction of the accelerometer (Col. 7: 48-61). 

Claim 27: A method comprising sensing seismic energy with one or more sensor 
modules (Fig. 1:12), wherein the one or more sensor modules comprise one or more 
force-feedback controlled accelerometers (Col.3: 22-24, 5:27-30); recording seismic 
energy data using a seismic recorder (Fig. 1 : 46); sending a bitstream to the sensor 
(Col. 5:1-7); capturing, analyzing, and judging the bitstream generated by the 
accelerometer (Col. 6: 60-67; Coo. 13: ), wherein judging the output signal comprises 
judging a harmonic distortion of the output signal to indicate a malfunction of the 
accelerometer (Col. 5:66-6:7). 



Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
Invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner In which the Invention was made. 
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7. Claims 2-7,: 11, 12, 15, 16, and 18 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Henrion (US 4,932,261) in view of Tanenhaus et al (US 
6,255,962). 

Claims 4 and 11: Henrion teaches an apparatus and method comprising: one or 
more sensor modules (Fig. 1 1 : 80) adapted to sense seismic energy (Col. 1 1 :23-27), 
wherein the sensor module comprises one or more accelerometers (Fig. 26: 
1010,1012), and wherein the accelerometers have one or more axes of sensitivity (e.g. 
Fig. 26: Ax, Ay); one or more seismic recorders (Fig. 26:1018) coupled to the sensor 
module adapted to record seismic data indicative of seismic energy (Col. 20:65-21:1), 
and a feedback control circuit (Fig. 13:130) adapted to provide force-balanced feedback 
(Col. 12: 58-68) coupled to the sensors and for providing insensitivity to tilt (Col. 13:44- 
51 ). Henrion does not teach a controller to monitor operation of the apparatus coupled 
to the sensor. Tanenhaus et al teach a controller (Fig. 1 : 20) to monitor operation of the 
apparatus coupled to the sensor (Col. 5:10-20). It would have been obvious to one 
having ordinary skill in the art at the time that the invention was made to modify the 
apparatus taught by Henrion to include a controller as taught by Tanenhaus et. The 
advantage of this would be the ability to process the sensed signals. 

Claim 2: Henrion and Tanenhaus et al teach the limitations of claim 4. Referring 
to claim 2, Henrion teaches the sensor modules comprise one or more micro-machined 
sensor elements (Col. 7: 40-42). 

Claim 3: Henrion and Tanenhaus et al teach the limitations of claim 4. Referring 
to claim 3, Tanenhaus et al the sensor module further comprises a global positioning 
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system receiver (e.g. Fig. 1:67) adapted to synchronize and operation of the sensors to 
a common time (Col. 8: 51-60). 

Claim 5: Henrion and Tanenhaus et a! teach the limitations of claim 4. Referring 
to claim 5, Tanenhaus et al teach a controller coupled to the sensor module for 
controlling the operation of the apparatus (e.g. Fig. 1 :26); wherein the sensor module 
comprises a 3-axis magnetometer for determining the orientation of the sensor module 
(e.g. Col. 4:24-28). 

Claim 7: Henrion and Tanenhaus et al teach the limitations of claim 4. Referring 
to claim 7, Tanenhaus et al teach the sensor module provides a digital output signal 
(e.g. Fig. 1:22). 

Claim 12: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 12, Henrion teaches determining a tilt angle of the sensor and 
measuring the gravity field (Col. 17: 18-64). 

Claim 15: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 15, Tanenhaus et al teach synchronizing the operation of a seismic 
sensor module by using a global positioning system signal from a global positioning 
system receiver within the sensor module (e.g. Fig. 1:67). 

Claim 16: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 16, Tanenhaus et al teach determining the position of the seismic 
sensor by using a global positioning system signal from a global positioning system 
receiver within the sensor module (e.g. Col. 29-41). 
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Claim 18: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 18, Tanenhaus et al teach determining the degree of coupling 
between the sensor module and the ground by generating a force (Col. 5:58-64); 
recording a response of the sensor assembly to the force; and analyzing the response 
(e.g. Col. 5:65-6:7). 

Claim 6: Henrion teaches an apparatus comprising: one or more sensor modules 
adapted to sense seismic energy (Fig. 1 1 ; 80), wherein the sensor module comprises 
one or more accelerometers (Fig. 26: 1010,1012), and wherein the accelerometers 
have one or more axes of sensitivity (Fig. 26:Ax,Ay); one or more seismic recorders 
(Fig. 26:1018) coupled to the sensor module adapted to record seismic data indicative 
of seismic energy (Col. 20:65-21:1), a crystal assembly (Fig. 1:10) coupled to the 
sensor module (Fig. 9B: 80) for providing a force (Col. 1 1 : 46-59) in order to measure 
the ground coupling and vector fidelity of the sensor (Col. 20:45-60). Henrion does not 
teach a controller to monitor operation of the apparatus coupled to the sensor. 
Tanenhaus et al teach a controller (Fig. 1 : 20) to monitor operation of the apparatus 
coupled to the sensor (Col. 5:1 0-20). It would have been obvious to one having 
ordinary skill in the art at the time that the invention was made to modify the apparatus 
taught by Henrion to include a controller as taught by Tanenhaus et. The advantage of 
this would be the ability to process the sensed signals. 

(Col. 9: 10-25). It would have been obvious to one having ordinary skill in the art 
at the time the invention was made to modify the seismic data acquisition apparatus 
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taught by Tanenhaus et al to include a crystal assembly as taught by Paik. The 
advantage of this would be the precise axis alignment of the sensor. 

8. Claims 8 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Henrion and Tanenhaus et al as applied to claim 4 above, in view of Ambs (U.S. Patent 
6,028.817). 

Claim 8: Henrion and Tanenhaus et al teach the limitations of claim 4. Referring 
to claim 8, Tanenhaus et al teach one seismic recorder (e.g. Fig. 7:10"'). They do not 
teach the recorder being radio recorders. Ambs teaches the one or more seismic 
recorders are radio seismic recorders (e.g. Col. 2:14-25). It would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
seismic data acquisition apparatus taught by Henrion and Tanenhaus et al to make the 
seismic recorders radio seismic recorders as taught by Ambs. The advantage of this 
would be the ability to send seismic data to a remote location. 

Claim 9: Henrion, Tanenhaus et al, and Ambs teach the limitations of claim 8. 
Tanenhaus et al, Harrell et al, and Ambs teach the limitations of claim 9 except for the 
radio seismic recorders being integral to the sensor modules. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made to 
modify the seismic data acquisition apparatus taught by Tanenhaus et al, Harrell et al, 
and Ambs to make the radio seismic recorders integral to the sensor modules, since it 
has been held that forming in an article which has formerly been formed in two pieces 
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and put together involves only routine skill in the art. Howard v. Detroit Stove Works, 
150 U.S. 164(1893). 

9. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Tanenhaus et al and Harrell et al as applied to claim 4 above, in view of Spangler et al 
(US 5,433,101). 

Claim 13: Tanenhaus et al and Harrell et al teach the limitations of claim 1 1 . 
Referring to claim 13, they do not teach calibrating the sensor, storing tilt info within the 
sensor, and measuring the gravity effect on the sensor module. Spangler et al teach 
calibrating the sensor, storing tilt info within the sensor (Col. 6: 22-42), and measuring 
the gravity effect on the sensor module (Col. 4: 28-34). It would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
seismic data acquisition apparatus taught by Tanenhaus et al and Harrell et al to 
measure the tilt and gravity field as taught by Spangler et al. The advantage of this 
would be the ability to sense system failures. 

10. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Henrion 
and Tanenhaus et al as applied to claim 1 1 above, and further in view of Stephen (US 
6,430,105). 

Claim 14: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 14, Henrion teaches a 3-axis sensor (Fig. 20C: x,y, z), determining 
the orientation of the 3-axis sensor by: performing a 3-D measurement of a gravity field 
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(Col. 17: 19-55); determining a gravity vector (Col. 17: 19-55). They do not teach 
performing a 3-D measurement of the magnetic field; determining a magnetic vector 
and determining the direction of magnetic north and gravity down. Stephen teaches a 3- 
axis sensor (Fig. 2a: 1 ; Col. 4: 8-14), determining the orientation of the 3-axis sensor by: 
performing a 3-D measurement of a gravity field (Col. 4: 15-21); determining a gravity 
vector (Col. 4: 41-46); performing a 3-D measurement of the magnetic field (Col. 5: 9- 
12); determining a magnetic vector (Col. 5: 12-16) and determining the direction of 
magnetic north and gravity down (Col. 5: 9-19, 33-37). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the seismic data acquisition apparatus taught by 
Tanenhaus et al, and Harrell et al, to use a 3-axis sensor as taught by Stephen. The 
advantage of this would be improved accuracy of survey. 

1 1 . Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Henrion and Tanenhaus et al as applied to claim 1 1 above, in view of Orban et al 
(WO 98/14800). 

Claim 19: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 19, they do not teach determining a vector of the sensor module by 
generating a force; recording a response of the sensor assembly to the force; and 
analyzing the response. Orban et al teach determining a vector of the sensor module by 
generating a force; recording a response of the sensor assembly to the force; and 
analyzing the response (e.g. Col. 2:57-65). 
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Claim 20: Henrion and Tanenhaus et al teach the limitations of claim 1 1 . 
Referring to claim 20, they do not teach determining the orientation of the sensor 
module by generating a force at a plurality of source points; recording a response of the 
sensor module to the force; and analyzing the response. Orban et al teach determining 
the orientation of the sensor module by generating a force at a plurality of source points; 
recording a response of the sensor module to the force; and analyzing the response 
(e.g. Col. 2:57-65). 

It would have been obvious to one having ordinary skill in the art at the invention 
was made to modify the seismic data acquiring method taught by Henrion and 
Tanenhaus et al to include the teaching of Orban et al. The advantage of this would a 
method of acquiring seismic data with that allows proper acoustic coupling of sensors to 
the ground. 

Allowable Subject Matter 

1 2. Claims 28, 31 , and 32 are allowed. 

Conclusion 

1 3. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. They are: Paik (US 4,841,772), Dailey (US 5,160,925), White 
(US 5,060,504), Ferriss (US 3,877,313), Harrell et al (US 5,842,149), and Tyburski (US 
4,912,471). 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Renata McCloud whose telephone number is (571) 272- 
2069. The examiner can normally be reached on Mon.- Fri. from 8 am - 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Robert Nappi can be reached on (571 ) 272-2800 ext. 37. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

Renata McCloud 

Examiner 

Art Unit 2837 



